Images of uniform and upright nanowires are fascinating, but often, they are quite puzzling, when epitaxial templating from the substrate is clearly absent. Here, we reveal one such hidden growth guidance mechanism through a specific example -the case of ZnO nanowires grown on silicon oxide and glass. We show how electric fields exerted by the insulating substrate may be manipulated through the surface charge to define the orientation of the nanowires. Our results suggest that the growth of wurtzite semiconductors may often be described as a process of electric-charge-induced self assembly.
Several unique features make ZnO one of the most intensively studied semiconductors today. 1 To date, ZnO has been used as a transparent conductor in photovoltaic applications, 2 varistor for voltage surge protection, 3 solar blind photodetector, 4 gas sensor, 5 and photocatalyst material. 6 It has also been proposed for several future applications, as transparent field effect transistors, 7 UV lightemitting diodes, 8 memristors, 9 biosensors, 10 and spintronic devices. 11, 12 Growth of ZnO on Si is vital for integrating this material into the present microelectronic technology. One peculiar observation that has become more easily apparent with the growth of ZnO nanowires is that ZnO grows preferentially c-oriented when grown on substrates such as glass and Si that clearly do not provide an epitaxial template. Several groups have grown vertical c-oriented ZnO nanowire arrays on silicon or glass substrates without the use of a preexisting textured thin film. These were synthesized at temperatures ranging from 400 to 600 °C using metal organic vapor phase epitaxy (MOVPE), 14 chemical vapor deposition (CVD), 15 atomic layer deposition (ALD), 16 chemical vapor transport (CVT), 17 or hydrothermal approach. 18, 19 In an attempt to explain the upright alignment, it was suggested that formation of a wetting layer of ZnO, to which the ZnO nanowires could then align epitaxially, could be the cause, but an explanation about why the wetting layer would grow c-oriented was not given. 17 An approach employing a similar mechanism was suggested by the group of Peidong Yang. monolayers, over which c-oriented growth should be favored. 21 This reconstruction was required in order to cancel the polarization charge present on the polar faces to allow the ZnO to grow on a substrate that was not charged. As a matter of fact, in all of these theoretical studies, no specific substrate was clearly considered as part of the problem. Here, we propose a simple mechanism that resolves the instability problem of the polar faces and renders the reconstruction redundant, at least when the substrate is Si, though the same effect may not be limited to ZnO on Si.
During vapor growth of ZnO, oxygen is an important part of the ambient. At the typically high growth temperatures, the Si substrate will oxidize faster than Zn, due to the lower free energy of formation of SiO 2 (~-727 KJ/mole at 1000 K) compared with that of ZnO (~-256 KJ/mole at 1000 K). 25 As a result, SiO 2 will form immediately at the very early stages of the growth process. The presence of oxygen at the high growth temperature is also known to induce charging in the oxide layer. Charging of the oxide during its growth has been reported already in the early days of the field effect transistor 26 and is a known by-product of the oxide growth process. 27, 28, 29 Typically, a positive charge is induced during CVD or thermal growth, but may turn negative in plasma enhanced CVD. To facilitate the polar alignment, it seems necessary to grow the nanowires in a two step process. In the first step, or the nucleation step, it is necessary to limit the amount of the nucleating material, to enable the formation of a seed layer wherein the seeds are aligned. In the second step, epitaxial growth of nanowires may take place on the seed layer. If the first step is bypassed, the high nanowire growth rate typically disturbs the alignment. The small quantity of Zn that is made available for nucleation when using the Zn-acetate method is small enough to allow optimal alignment of the particles that may then serve as seeds for epitaxial growth of ZnO nanowires. The proposed mechanism may not be limited to the ZnO/Si system.
Experimental Details
High-resistivity (~2000 Ohmcm) boron-doped 2 inch diameter 280 µm thick single-side polished Si(100) wafers were used as substrates. Charge in the oxide was verified using a Kelvin probe (Besoke Delta PHI Gmbh. Germany). 31 The substrates were first deposited with Zn-acetate and annealed to 1020 C for 30 min to form a seed layer of ZnO. ZnO nanowires were grown in a tube furnace at ~1020 C under flow of Ar/O 2 of 30/4 sccm. The samples were introduced into the furnace in a quartz crucible containing a mixture of 1:1 ZnO powder and graphite. They were introduced using a linear-motion feed-through after the furnace had reached the desired temperature, and were removed after 5 minutes. TEM imaging and electron diffraction were carried out in a JEOL JEM-2100F instrument operating at 200 kV. CBED simulation was carried out using Pierre Stadelmann's JEMS electron microscopy simulation software.
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Supplementary Information
Additional TEM/CBED images from several different wires is provided for each of the two oxide types used in the experiment. 
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